Objective: To investigate the associations between composition of the diet at 18 months of age and ferritin and haemoglobin levels. Design: Cross-sectional study. Subjects: A total of 796 children taking part in the Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC). Main outcome measures: Food and nutrient intakes and haemoglobin and ferritin levels at 18 months. Methods: Diet was assessed by a 3-day unweighed food record. A heel-prick capillary blood sample was taken for measurement of ferritin and haemoglobin. Results: Ferritin levels were negatively associated with the amount of cows' milk consumed (r 7 0.2462, P`0.001) and calcium intake (equivalent to a 4 ± 5% drop in ferritin levels for a 100 mg increase in energyadjusted calcium intake). Haemoglobin levels were positively associated with energy-adjusted vitamin C intake and were higher in children who ate any fruit (P 0.024) or any vegetables (P 0.030). The associations between nutrient intakes and ferritin and haemoglobin levels remained on adjustment for socio-demographic factors. The prevalence of low haemoglobin levels was higher in those children who consumed no meat or poultry (28.8% vs 19.0% overall, P 0.044). Conclusions: Higher levels of milk and dairy product consumption are associated with lower ferritin levels in children of this age, and over-reliance on these foods should be avoided. Fruit and vegetable consumption should be encouraged, and the inclusion of a little meat or ®sh in the diet of small children is advisable.
Introduction
Iron de®ciency anaemia is the most common nutrient de®ciency in the developed world, and is particularly common among pre-school children. In Britain, this age group has been found to have average iron intakes which are below the recommended levels (Gregory et al, 1995; Cowin et al, 2000) . However, studies have not found a consistent relationship between iron intake and iron status, and it seems that a number of other factors in the diet are important, including enhancers (such as vitamin C and haem iron) and inhibitors (such as calcium and non-starch polysaccharides) of iron absorption (Hallberg, 1981; Hallberg et al, 1992) . While there are a number of studies describing iron absorption from test meals of different compositions (Moore & Dubach, 1951; Martinez-Torres et al, 1974; Rossander et al, 1979; Oski & Landaw, 1980; Stekel et al, 1986; Davidsson et al, 2000) , there is far less information on the relationship between the dietary intake of enhancers and inhibitors of iron absorption and iron status in free-living populations. As part of the Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC) we have collected data on haemoglobin and ferritin levels at 18 months along with detailed dietary information. The aim of this study was to investigate the in¯uence of the intake of nutrients and foods known to inhibit and enhance iron absorption on haemoglobin and ferritin levels among 18-month-old children.
Methods

Study population
This study formed part of ALSPAC, a geographically based cohort study investigating factors in¯uencing the health and development of children. All births in the former Avon Health Authority with an expected date of delivery between 1 April 1991 and 31 December 1992 were eligible for the ALSPAC study. Over 80% of the known births from the geographically de®ned catchment area were enrolled, resulting in a total cohort of 14 183 live births. The children in this study were taking part in a sub-study of the ALSPAC cohort known as Children in Focus (CIF) (Golding & ALSPAC, 1996) . The CIF cohort was a randomly selected sample of babies born within the last 6 months of the survey, equivalent to 10% of the whole cohort. These children attended a research clinic at 18 months of age where diet was assessed, the children were weighed and measured and a blood sample was taken. Compared to the 1991 UK National Census data on mothers with infants under 1 y who were resident in Avon, the ALSPAC sample demonstrated a slight shortfall in the proportion living in rented accommodation, those without a car, single parent families and unmarried cohabiting couples. There was also a smaller proportion of mothers from ethnic minority groups. Nevertheless, the CIF cohort was broadly representative of the UK population. Ethical approval had been obtained for the study from the three ethical committees of the Southmead, Frenchay and United Bristol Healthcare Trusts.
Measurements
After obtaining informed consent from the parents a heel prick sample of capillary blood was taken from the children and collected into an EDTA capillary tube. The haemoglobin concentration was assayed using the HEMOCUE B-Hb photometer. The blood was then centrifuged and the plasma removed and frozen. Plasma ferritin was assayed using the DELFIA time resolved¯uoroimmunoassay system. The blood collection and analysis has been described in more detail elsewhere (Sherriff et al, 1999) .
Birthweight was obtained from hospital records. Length was measured to the nearest 0.1 cm using a Kiddimetre (Raven Equipment Ltd). Weight at 18 months was recorded to the nearest 100 g with the child wearing only underwear, using a Seca 835 electronic scale.
Information on mother's parity, highest educational level and housing tenure was collected by self-completion questionnaire.
Information on whether or not the child had had a recent infection (ie within the last 2 weeks) was obtained by asking the parents at the clinic.
Diet was assessed by a 3-day unweighed food record, including one weekend day, which was completed a few days before the 18-month CIF clinic. The main carer of the child was asked to record in a structured food diary everything eaten or drunk by the child for 3 days, using household measures and giving as much detail as possible. The carer was interviewed at the clinic to ensure that the food record was clear and complete. This dietary data was coded and checked by a nutritionist (IC). A different nutritionist (PE) rechecked an additional 10% of the dietary records. The data was converted to nutrient intakes using the 5th edition of McCance and Widdowson's food tables (The Royal Society of Chemistry and MAFF, 1991a) and its supplements (The Royal Society of Chemistry and MAFF, 1988 , 1989 , 1991b , 1992a , b, 1993 Chan et al, 1995 Chan et al, , 1996 . The dietary methodology and the composition of the diet at 18 months have been described in more detail elsewhere (Cowin et al, 2000) .
Haem iron intakes were calculated as a proportion of the iron content of meat and meat products, poultry, ®sh and meat pies and pastries. The proportions used were 35% for ®sh, pork, liver, ham and bacon, 55% for poultry, beef, sausages, burgers and game, and 15% for meat pies and pastries (Monsen et al, 1978) . Non-haem iron was obtained by subtracting haem iron from total iron.
Energy-adjusted nutrient intakes were calculated using the method of Willett and Stampfer (1986) . The intakes of iron and vitamin C were transformed to the natural logarithm prior to energy-adjustment in order to normalize the distributions.
Statistical methods
Haemoglobin levels at 18 months were normally distributed, but ferritin levels required transformation to the natural logarithm to normalize the distribution.
The relationships between ferritin and haemoglobin and the absolute and energy-adjusted intakes of iron, vitamin C, calcium and non-starch polysaccharides (NSP) were investigated using partial correlations adjusted for sex. The absolute intakes of iron and vitamin C were transformed to the natural logarithm to normalize the distribution. In addition, nutrient intakes in children with and without low haemoglobin or low ferritin by the WHO criteria were compared using Student's t-test.
Haemoglobin and ferritin levels in children who did and did not consume various food groups were compared using two-way analysis of variance adjusting for sex. In addition, we calculated partial correlations, adjusting for sex, between weight of food eaten (among consumers only) and haemoglobin and ferritin levels. We also compared the prevalence of low haemoglobin and low ferritin in consumers and non-consumers of particular foods using chisquared analysis.
The effect of a number of other categorical variables on haemoglobin and ferritin levels was investigated using twoway analysis of variance adjusting for sex. These were vegetarianism, use of vitamin supplements, main type of milk drunk and mother's parity. Vegetarians were de®ned as those children who consumed no haem iron during the dietary recording period. Vitamin supplementation was coded as a dichotomous variable, with the children divided into those who had had any vitamin supplementation during the dietary recording period and those who had had none.
Many children drank more than one type of milk, so type of milk used was assigned according to that of which they drank the greatest volume. The classi®cations of milk used were cows' milk, formula milk, and no milk or other milk (for example goat's or sheep's milk, soya milk etc).
Generalized linear models using type III sums of squares were constructed to investigate factors associated with haemoglobin and ferritin concentrations at 18 months. An earlier analysis had found haemoglobin at 18 months to be associated with sex and maternal education, and log ferritin at 18 months to be associated with birth weight, current weight and presence of a recent infection (Sherriff et al, 1999) . The starting points for our models for haemoglobin and ferritin were the above factors, in addition to the following variables: energy-adjusted intakes of iron, calcium, vitamin C and non-starch polysaccharides, whether the child consumed any formula milk, whether there was any haem iron in the diet and parity. We also included sex in our initial model for ferritin. The least signi®cant factor was removed from the model stepwise, until all the variables remaining had a P value of`0.10.
Very premature infants (less than 28 weeks gestation) were not included in the CIF sample, however, in our analyses no further exclusions were made on the basis of birthweight or gestational age. The mean (s.d.) birthweight and gestational age of the children in this study are given in Table 1 .
Twins were excluded from statistical analyses. All statistical analyses were performed using the SPSS statistical package.
Results
A total of 1341 children were invited to the clinic at 18 months, of whom 1183 attended. Dietary records were received from 1026 children (77% of those invited), 563 boys and 463 girls. The mothers of 827 children gave permission for a capillary blood sample to be taken from their child. At the 18-month clinic, 32 of the children attending were twins and are excluded from subsequent analyses. Suf®cient blood was obtained to measure the haemoglobin concentration for 796 singleton children, and suf®cient plasma was obtained to measure the ferritin concentration for 718. Table 1 shows the mean ages, weights and heights of singleton children attending the 18 month clinic, along with mean haemoglobin and ferritin levels, and the mean intakes of selected nutrients. Table 2 shows the average daily intakes of selected foods and food groups. The distributions of haemoglobin and ferritin levels (Sherriff et al, 1999) and nutrient intakes (Cowin et al, 2000) at 18 months have been described in more detail elsewhere. At 18 months 4.4% of children had low ferritin by WHO criteria, 19.0% had low haemoglobin, and of the 709 singletons with both a haemoglobin and ferritin measurement, 1.7% had iron de®ciency anaemia, that is both low haemoglobin and low ferritin. The correlation between ferritin and haemoglobin levels at 18 months was 0.083 (P 0.025).
The mean ages, weights and heights of the children were compared according to whether or not a diet or haemoglobin measurement was available for them. No signi®cant association was found, except that those children who did have a haemoglobin measurement were very slightly younger than those who did not (79.8 and 80.1 weeks respectively, P 0.009). Dividing mothers according to their highest educational quali®cations, those with a low level of education (CSE or less) were under-represented in the group completing dietary diaries for their children, while mothers with O levels (middle education group) were slightly over-represented when compared to the CIF group as a whole. Table 3 shows the correlations between nutrient intakes and haemoglobin and ferritin levels after controlling for sex. Energy intakes were not associated with haemoglobin or ferritin levels. Neither absolute nor energy-adjusted iron intakes were associated with haemoglobin levels, although both were signi®cantly positively associated with ferritin levels. Both absolute and energy-adjusted vitamin C intakes were signi®cantly positively associated with haemoglobin and ferritin levels. Absolute calcium intake was positively Diet and iron status at 18 months P Emmett et al associated with haemoglobin levels; however, the association disappeared on adjusting for energy. Both absolute and energy-adjusted calcium intakes were signi®cantly negatively associated with ferritin levels. Neither absolute nor energy-adjusted intakes of NSP (®bre) were associated with haemoglobin levels. Absolute NSP intake was marginally positively associated with ferritin levels Ð this became signi®cant on adjustment for energy. Table 4 shows the mean nutrient intakes in children with low and normal haemoglobin and ferritin levels. There was no difference in energy intakes between the normal and low haemoglobin and normal and low ferritin groups. Children with low ferritin levels had signi®cantly higher intakes of calcium, and signi®cantly lower intakes of total and nonhaem iron and NSP. Children with low haemoglobin levels had signi®cantly lower intakes of vitamin C.
Ferritin and haemoglobin levels were compared in consumers and non-consumers of green leafy vegetables, any vegetables, red meat, any meat, citrus fruit, any fruit, fruit juice, eggs and egg dishes, baby food, yoghurt and fromage frais, cheese, breakfast cereals and tea. There was no difference in ferritin levels according to whether or not the child had consumed any of the food groups examined. However, mean haemoglobin levels were signi®cantly higher in those children who consumed any vegetables, citrus fruit or any fruit, or yoghurt or fromage frais during the dietary recording period (Table 5) . Mean haemoglobin levels were no different in consumers and non-consumers of cheese, baby food, green leafy vegetables, meat or tea. We also examined the prevalence of low ferritin and low haemoglobin among consumers and non-consumers of any meat or poultry, any fruit, any vegetables, baby food and tea. None of these foods was associated with an increase in the prevalence of low ferritin levels. The overall prevalence of low haemoglobin amongst children with a diet record was 19.0%. Children who ate no meat had a higher prevalence (28.8%, P 0.044), as did children who ate no fruit (27.5%, P 0.013) or no vegetables (28.8%, P 0.044), but baby food and tea consumption were not associated with an increase in the prevalence of low haemoglobin levels. In order to examine whether these associations were accounted for by socio-economic factors we looked at the relationship between housing tenure and maternal education and the prevalence of low haemoglobin levels. Neither of these factors was signi®cantly associated with the prevalence of low haemoglobin.
The effect of the amount of a particular food consumed on haemoglobin and ferritin levels was examined for cows' Citrus fruit 11.8 (1.1) 11.6 (0.9) 11.9 (1.0) 11.7 (0.9) 0.028 (n 77) (n 311) (n 77) (n 241) Any fruit 11.7 (0.9) 11.5 (1.2) 11.8 (0.9) 11.5 (0.8) 0.028 (n 323) (n 65) (n 274) (n 44) Any vegetables 11.7 (1.0) 11.3 (0.9) 11.8 (0.9) 11.6 (0.8) 0.026 (n 359) (n 29) (n 288) (n 30) Yoghurt or fromage frais 11.7 (0.9) 11.5 (1.1) 11.8 (0.9) 11.6 (1.0) 0.040 (n 273) (n 115) (n 208) (n 110) a P-value for effect of food group consumption by two-way ANOVA adjusting for sex.
Diet and iron status at 18 months P Emmett et al milk, dairy products, all vegetables, all fruit, fruit juice, any meat and breakfast cereals (these analyses were performed only on those children who consumed the food in question).
There was a signi®cant negative correlation between the amount of cows' milk (r 7 0.2462, P`0.001, n 609) or dairy products (r 7 0.2398, P`0.001, n 624) consumed and ferritin levels, and a signi®cant positive correlation with the amount of breakfast cereal eaten (r 0.1022, P 0.014, n 573). Ferritin levels were also positively associated with fruit juice consumption, however this association was not statistically signi®cant (r 0.1215, P 0.061, n 236). Haemoglobin levels were positively correlated with the amount of dairy products (r 0.0628, n 695) and all vegetables (r 0.0702, n 644) consumed, although these correlations were not statistically signi®cant (P 0.098 and P 0.075 respectively). Blood samples from vegetarian children were available for 16 boys and 9 girls. There was no difference between the ferritin levels of vegetarian and non-vegetarian children in either sex. Haemoglobin levels were slightly lower in vegetarian children but this difference was not statistically signi®cant (P 0.095). The haemoglobin levels in vegetarian and omnivorous children were 115.5 and 116.4 gal in boys, and 110.4 and 117.6 gal in girls, respectively.
The proportion of children receiving vitamin supplements was 17.2%, but this had no apparent effect on haemoglobin or ferritin levels. The mean haemoglobin levels in children who did and did not receive vitamin supplements were 117.2 and 116.8 gal, while the mean ferritin levels were 27.9 and 27.2 mgal, respectively. Only 0.4% of the children were receiving iron drops. A blood sample was available for two of these children. They had mean haemoglobin and ferritin levels of 133.5 gal and 27.63 mgal respectively, as compared to 116.9 gal and 27.5 mgal in the whole sample.
There was no association between main type of milk drunk and haemoglobin levels (Table 6 ). There was a signi®cant association with ferritin levels, which were higher in those children drinking mainly formula milk than in those drinking mainly cows' milk. Haemoglobin and ferritin levels in boys and girls according to mother's parity are shown in Table 7 . Both haemoglobin and ferritin levels were signi®cantly associated with the mother's parity (number of births up to and including the child in the study). Ferritin levels were highest in the children of women with a parity of 3 or more, while haemoglobin levels were highest in ®rst-born children.
The results of multiple regression analysis to predict ferritin and haemoglobin levels are shown in Table 8 .
The factors which remained in the model to predict ferritin levels were parity, presence of a recent infection, birthweight and the energy-adjusted intakes of non-haem iron, vitamin C and calcium. Birthweight and non-haem iron and vitamin C intakes were positively associated with Diet and iron status at 18 months P Emmett et al ferritin levels, while calcium intakes were negatively associated with ferritin levels. Ferritin levels were higher in those children who had a current or recent infection (P 0.076), and having a mother with a parity of three or more was associated with higher ferritin levels than having a mother with parity of one or two. The factors which were independently associated with haemoglobin levels in the ®nal model were vitamin C (positively associated), parity (haemoglobin highest with parity one) and whether the child was a vegetarian, with vegetarian children having slightly lower haemoglobin (P 0.084). Alternative original regression models which also included housing tenure did not change the ®nal results for either haemoglobin or ferritin (data not shown).
Discussion
We have examined the relationship between diet (as measured by a 3-day food record) and haemoglobin and ferritin status in a group of 18-month-old children. Ferritin levels were negatively associated with the amount of cows' milk and calcium consumed. Haemoglobin levels were consistently positively associated with vitamin C intake and with fruit and vegetable consumption. There was also some evidence that ferritin levels were positively associated with non-haem iron intake, and that haemoglobin levels were higher in those who consumed meat, ®sh or poultry than in those who did not. These associations did not seem to be explicable by socio-demographic factors. There was no evidence that the intake of non-starch polysaccharides was negatively associated with iron status. We measured diet using a 3-day unweighed food record. The 7-day weighed intake is generally considered to be the gold standard for dietary measurement, however, it was felt that this method would place an unacceptable burden on the parents. Day-to-day variation in diet means that using a shorter recording period may have reduced the accuracy of the estimates of nutrient intake obtained. This would reduce the apparent strength of any relationships found between diet and iron status. A further consideration is that concurrent dietary intakes may not be the most relevant in terms of iron status. Unlike some nutrients such as vitamin C where current status closely re¯ects current intake, iron stores can be gradually built up or depleted over several months. As a result the diet of several months previously may have a stronger relationship to iron status than concurrent diet.
Ferritin levels re¯ect total iron stores, and have to decline to low levels before the production of haemoglobin is impaired. Ferritin levels could therefore be regarded as being a more sensitive indicator of iron de®ciency than haemoglobin concentration, as suggested by the associations found in this study. However, ferrtin is also an acute phase protein and may be raised acutely in response to infection or other stress, and because of this the correlation between low haemoglobin and low ferritin levels is weak (Sherriff et al, 1999) . Haemoglobin levels may also be in¯uenced by other dietary factors apart from iron (such as vitamin B 12 ), by genetic abnormalities such as thalassemia and other haemoglobinopathies, and by chronic diseases and infections.
Parity was shown to be a signi®cant predictor of both haemoglobin and ferritin levels in 18-month-old children. Haemoglobin levels were highest in ®rst-born children, while ferritin levels were highest in the children of mothers with a parity of two or more. The reasons for this are not immediately obvious. Parity remained in multiple regression models while mothers' education level and presence of a recent infection did not. The effect was also independent of housing tenure. Therefore, it seems unlikely that the effect is explicable by socio-economic factors, or by children with older siblings being more likely to have a reported infection. However, we cannot exclude infection as an explanation for this association, as some infections can be relatively symptom free, and thus unlikely to be reported by parents. We could ®nd only one other study where birth order was included as a possible predictor of ferritin levels in pre-school children Ð no signi®cant association was found (Wharf et al, 1997) .
In the CIF study the lower socio-economic groups who are at most risk of being anaemic were somewhat underrepresented. Blood samples were only available from 25 vegetarian children who are also more likely to have a poor iron status. In addition, only 2.6% of the children who gave blood samples were from non-white ethnic groups, another section of the population particularly likely to suffer from iron de®ciency (Lawson et al, 1998) . This may have Diet and iron status at 18 months P Emmett et al affected the power of the study to detect dose ± response relationships between diet and iron status, and to pick up those dietary habits most likely to be associated with anaemia. Milk forms a major part of the diet of young children and might be expected to have an important in¯uence on their iron status. Indeed, within those children consuming cows' milk we have found a strong negative association between the volume of cows' milk consumed and ferritin levels. This might be due either to calcium inhibition of iron absorption (Hallberg et al, 1992) or possibly to cows' milk causing gastrointestinal blood loss (Ziegler et al, 1990) . It has been suggested that the prolonged use of formula milk, which has a higher iron and lower calcium content that cows' milk, might improve iron status in small children (Department of Health, 1994) . We have found that ferritin levels were signi®cantly higher in those children receiving formula milk as their main milk type.
Other studies have found that children who receive either an iron-forti®ed infant formula or an iron-forti®ed follow-on formula after the age of 6 months have a superior iron status to those who receive cows' milk (Daly et al, 1996; Gill et al, 1997; Morley et al, 1999) , although it remains doubtful whether follow-on formula offers any advantage over normal infant formula. One study compared iron status in children fed the same follow-on formula with or without iron forti®cation from 6 ± 18 months of age and found no differences in iron status (Stevens & Nelson, 1995) . This implies that aspects of the composition of formula milk other than the iron forti®cation may be responsible for its protective effect on iron status relative to cows' milk, for example the higher vitamin C or lower calcium content.
We have found a positive association between haemoglobin levels and both absolute calcium intakes and consumption of yoghurt and fromage frais. This is unexpected as calcium is an inhibitor of iron absorption.
Tea contains tannins which are thought to reduce the absorption of non-haem iron by chelating with the metallic iron. A study of 120 infants aged 6 ± 12 months in Israel (Merhav et al, 1985) found that those who drank tea had a considerably higher frequency of anaemia (Hb`110 gal) than those who did not (64% vs 31%). This effect was not explicable by age or social class differences. However, we found no difference in haemoglobin or ferritin levels between those infants who drank tea and those who did not. The volume of tea consumed in our study was considerably smaller than in the Israeli study (median tea consumption 56 and 250 ml per day, respectively), which may account for the difference in ®ndings. However, even when we compared those children who drank at least 150 ml of tea per day with those who drank none we could ®nd no effect on iron status. If tea consumption in our study had been mostly between meals rather than with food, this might have explained the lack of effect on iron status. However, inspection of the dietary records revealed that tea was most commonly drunk with meals, particularly with breakfast, with only about one-third taken as a snack, sometimes with a biscuit. Nearly all tea drunk was at least half milk, and it is likely that the negative effect of the milk on iron status masked any possible further effect of the tea.
The great majority of breakfast cereals eaten by children in Britain are forti®ed with iron, and breakfast cereal has been shown to be a major source of dietary iron in young children (Gregory et al, 1995) . We have found a positive correlation between the amount of breakfast cereal eaten and ferritin levels, despite the fact that breakfast cereal is almost invariably served with milk.
A number of other studies have investigated the relationship between diet and iron status. The results are somewhat inconsistent. This is probably because of the variation in the groups of people studied, the differences in their habitual diets, the different dietary variables studied and which confounding variables were included.
The most comparable study to ours looked at the relationship between diet and ferritin levels in 181 infants in Norwich aged from 4 to 18 months (Wharf et al, 1997) , adjusting for sex, birthweight, body weight, socio-economic group, birth order and smoking in the household. At 4 and 12 months no dietary factors were signi®cant predictors of ferritin levels. At 8 months ferritin was negatively associated with cows' milk consumption and positively associated with commercial baby food consumption, and at 18 months the only signi®cant predictor was non-haem iron intake, which was negatively associated. Baby foods are often forti®ed with iron and vitamin C, and should theoretically improve iron status; however, we could ®nd no difference in haemoglobin or ferritin levels between those children who did and did not eat baby foods. It is likely that the amounts of baby food being eaten by 18 months are too small to constitute a major source of nutrients.
The National Diet and Nutrition Survey of British children aged 1 1 2 to 4 1 2 (Gregory et al, 1995) also investigated the relationship between dietary intakes and haemoglobin and ferritin levels in small children. Unadjusted correlations with total, haem and non-haem iron intake and vitamin C intake were calculated. Haemoglobin levels were positively associated with total, haem and non-haem iron intake in all children, and ferritin levels were positively associated with haem iron intake in all children aged 2 1 2 ± 3 1 2 . There was no associations between vitamin C intake and iron status. Lawson et al, looked at haemoglobin and ferritin levels in 1057 2 y-old Asian children living in England (Lawson et al, 1998) . The dietary factors associated with iron status varied according to whether the children were from Bangladeshi, Indian or Pakistani families. However, at least one measure of cows' milk consumption was negatively associated with haemoglobin and ferritin levels in each ethnic group. Breakfast cereal consumption was positively associated with haemoglobin levels among Indian children. In multivariate analysis there was no relationship between daily consumption of meat or ®sh and iron status in any ethnic group.
Several studies have looked at iron status in adult premenopausal women, another population group at particular risk of iron-de®ciency (Spustre et al, 1986; Yokoi et al, 1994; Houston et al, 1997; Ball & Bartlett, 1999) . Other studies of diet and iron status have used subjects ranging from infants to nonagenarians (Preziosi et al, 1994; Samuelson et al, 1995; Brussaard et al, 1997; Fleming et al, 1998) . The results are very variable and some of the differences between studies may be due to the different confounding variables controlled for. The most consistent ®ndings are positive associations between meat or haem iron intake and haemoglobin and ferritin levels, and negative associations between calcium or dairy product consumption and ferritin levels.
The relationship between dietary intake and iron status is a complex and unpredictable one as those foods which are rich sources of iron or the promoters of iron absorption may also be a rich source of inhibitors of iron absorption (for example spinach, other green leafy vegetables and eggs). The effect of any particular food on iron status will depend on the balance of other foods in the diet, and on the physiology and lifestyle of the person consuming it.
In conclusion we have found a negative correlation between ferritin levels and cows' milk and calcium consumption, and evidence for a positive effect on haemoglobin levels of haem iron and vitamin C intakes and fruit and vegetable consumption. On the basis of our results it would seem advisable to moderate the amount of cows' milk in the diet of 18-month-old children and we have some evidence that it may be bene®cial to continue using formula milk past the age of 1 y. Our data con®rm that parents should encourage fruit and vegetable consumption and include at least a little meat or ®sh in their toddler's diet. However, the possible deleterious consequences of increasing iron status require further investigation Ð these may include increased susceptibility to infections (Oppenheimer, 1998; Patruta & Horl, 1999 ) and a greater risk of coronary heart disease in later life (Salonen, 1993; Klipstein-Grobusch et al, 1999) .
